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Simultaneous determination of abietic acid, dehydroabietic acid and piperic
acid in foods by liquid chromatography-tandem mass spectrometry

CHEN Chu-Jian, FENG Qiu-Fang', HU Qi-Jie

(Huzhou Institute for Food and Drug Control, Huzhou 313000, China)

ABSTRACT: Objective To establish a method for the determination of abietic acid, dehydroabietic acid and
piperic acid content in food by liquid chromatography-tandem mass spectrometry. Methods By optimizing the
mass spectrometry analysis conditions, the sample was extracted using acetonitrile as the extraction solvent and

subjected to ultrasonic extraction, enriched and purified by a mixed strong anion exchange reverse phase solid-phase
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extraction column, concentrated to near dryness by nitrogen blowing, diluted with methanol and centrifuged at
high speed. The solution was then analyzed by liquid chromatography-tandem mass spectrometer. Results The
peak shapes of 3 kinds of compounds were good, and the separation and response met the detection requirements.
The linear range of abietic acid was 4-500 ng/mL, with a limit of detection of 1.0 ug/kg and a limit of quantitation
of 3.0 pg/kg. The linear range of dehydroabietic acid was 20-2500 ng/mL, with a limit of detection of 2.5 pg/kg
and a limit of quantitation of 7.5 ng/kg. The linear range of piperic acid was 4-500 ng/mL, with a limit of
detection of 0.5 pg/kg and a limit of quantitation of 1.5 pg/kg. Within the range of 540 pg/kg of abietic acid and
piperic acid and 15-100 pg/kg of dehydroabietic acid, the recovery rates of abietic acid, dehydroabietic acid and
piperic acid were 84.9%—-99.7%, 84.7%—101.9% and 88.1%—104.7%, respectively, with relative standard deviations
within 10%. The method was used for actual sample analysis, detecting abiietic acid, dehydroabietic acid and piperic
acid in multiple foods. Conclusion This method is sensitive, accurate, and can simultaneously determine abietic
acid, dehydroabietic acid and piperic acid. It lays the foundation for developing specific migration limit standards for
rosin like substances in paper packaged foods.

KEY WORDS: liquid chromatography-tandem mass spectrometry; abietic acid; dehydroabietic acid; piperic acid
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A £ A B2 2 B1 43 (Scientific Committee on Food, SCF)i%
FEMN T B4 4E H AT 52 3% A i (tolerable daily intake, TDI)
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T AW EZRHA R A R . RN sk ' A TR
O], W TN AR T R R GBI R RS A R
A, T R A BRAS RS

HiE, I (aikal, EERAR); 2K, HER.
T HOE G AT, BUN SCRME A BR ;TR A LR B
B - 2846 SR [T AH S URE (8T PR PXA 1, 60 mg/3 mL, [
il SRS AT IR D 0.22 pm EFLIEBECE HLATY, Bt
A PR AT BR A F]); 52303 FH K Ry % 31 Simplycity #
afizK,

FRUEAh: IATFMR(CAS 5 514-10-3), LA ERR(CAS &
1740-19-8) . HIHHIR(CAS = 94-53-1), FRENATERE-D, (CAS =
213775-59-8)(4EE KT 98%, F4[E Dr. Ehrenstorfer 23 ]).

1.2 UE58F

6470 T AH €4 1% - HR K BT R AN (36 B R A A
Turbovap II H 3@ mIKRAIL(EERE Caliper /27]); Allegre
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FER £\ Al); VORTEXS IR A A (A2 FESCRMUER A
A]); VGT-1730QTD M= 2B (S~ AR B¢/ 7); Eclipse
Plus Cg (4% #1:(2.1 mmx100 mm, 1.8 um, 3&[E Agilent /A
Ao
1.3 XWHE
1.3.1 sk B

S BIERR AR U R . MR . S AA AR 10 mg(Chs
%] 0.1 mg)F 10 mL WZEEIRS, HFERERITER,
e i) A B R YR BE 4 1.0 mg/mL (AR UERE A5, T—20 °CF
WEOGIRTE . IR IR AR 0.1 mL. HiAMEFR
0.5 mL F 10 mL Z &, FoHlsIR &b R &R
10 pg/mL ., SR 10 ug/mL . FLEAAFBR 50 pg/mL), i
1iff W B8 S0 W 7 2 - D AR i 25 2 (100 pg/mL) 1 mL F
10 mL &, BCH AL B R A 10 pg/mL B AR
ORI o TRIBURR HE R . AR RIS i, 4eas Bk
IR RS, BoH AR ERR . SR ST R B S o 4.
10, 20. 50, 100, 200, 500 ng/mL, B{EAATERL 20, 50,
100, 250, 500, 1000, 2500 ng/mL, 4% 200 ng/mL iR
BhRUE T AR
1.3.2 #enaras

PRI 2 g iIREECR B 2 0.01 @) FELLE A, MILA 100 pL
R TR, 0 10 mL 20, TS, BAHEE 20 min, 8000 r/min
B0 5 min, I R ES—EOE T, A S mL 5%20K
KWW, RAT, TRt

K IR RF AR AT RE A TG IR PXA A AR,
R 3 mL 7K 4 mL I EEMRE/IME, FRETR B, ®
F/ME, BR 3 mL 0.2%H R BEA e, s Ve
W, VEWRWEAE 40 °CF HAAIK, A 0.2 mL —H FARAE
RO, WEIET, HWEERE B E | mL 520
e, AFERBEES, MRS, mEELEU
LC-MS/MS il 5E .

0.05% F R FF (25 2 mmol/L HEREY)(B); i 0.3 mL/min; iF
FEORAR: 5 ul; Ai: 40 °C; BREEVEN

JR% & R A £ W I (multiple  reaction
monitoring, MRM) & =, 2 F I & I [ 1 W5 5% & 7 U8
(electron spray ionization, ESI)+1/(ESI-)YJ#eiili; EaME
HLTE 3.5 kV; A AR 300 °C; B 1 5 L/min;
FEAIRETT 45 psi; RAETRIESEGENLE 1,

1.4 HIEAIE

FH5 Agilent 1260-6470 LC-MS/MS ¥4 4b B4 4
SIFTSEIRZE R, AR GEEIE R . ABETE R ER  R
JESR I E 6 4117, MICREERUSEIEIOR, JHTR
HAH X BR ME A 22 (relative  standard deviation, RSD); fii /i
WPS Office (2019 1 JiR) il Origin 2024 PEF 4L BE .
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2.1 FiEEHMhi

PEFE 1.0 pg/mL AT 21N 2H 43 WO R e T W0 A BT %
VAT EEES P44, 78 MRM BCRU, [ 344 ESTHSE
T AEEE F[M+H]+ ., ESIAR R IR+ [M-H]-, #E—2%
i R R E S A R T FRE, MERARER
WATIR M ESIHEX, SAMIER R ESIH80. ik T F & FH
i, EWFE R . THROWEFXENS MRM &5, %85
BERER 2 HEFlE, NGNS YR EEE TR
ERE T, SRS T 45 2 2 A b v T VRO 56 UE T 32k 2 15
SRERLEMX, KA ETX . FREE
Tl 4 L TR S5 TS S RO 1
22 BEEHMHK

AT SR B 25 AL S e R AR PR/ 3a PR Y, ik SR
P R A K PE . T Cos BREFE 2 SOV GRS A% 0
I AR KA AR o, I HLH S 2 3 R A2 1

133 &#ERF#ELEHT . SMEEYMEKERYE Cg BEMZ A EIRE R
34 (%4 Eclipse Plus Cig 2.1 mmx100 mm,  Bi/KARE AR, BiAKMEMGRN T, 15 C o 45 QB i, {7
1.8 pm); JEBHAH: 0.05% HERKIEH(T 5 mmol/L HIFREL)(A). B B I
Fz1 3MLEYINEM/ EEEFXMERIE MRM 5S4
Table 1 Qualitative/quantitative ion pair and mass spectrometry MRM analysis parameters of 3 kinds of compounds
&Y A B 5 18] /min BB T(m/2) TET(z) PR /e V Tl 4% i, e /e V
123° 13
AR 6.0 303 ESI+ 95
149° 17
173° 13
SRS R 5.5 301 ESI+ 100
133° 21
121° 13
HHER 5.1 165 ESI- 80
91° 21
S R-D, 5.5 303 ESI+ 175 115 17

e EHEBET b EMWET
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KAHEE-K ., ZE-7K . 0.05% H R F BE-0.05% H R /K
TR, 0.05%F iR B (2 2 mmol/L H R4%)-0.05%F ik /K
(5 mmol/L H AR ER) 5 ARl TR s, 76 25 3 B 1
VR 3 RGP oy B RCR AT w255, 7E
BT, SAnZh . K45 5RO RESCEL
ARG ES o SERLBREE VR, DRIV R AT LSRR 1 2% T ok
B, FZL eSS EA S, LBFEMIEEDE .
FE R T I3 2,

BAR 3 LAY OG- K A B A B R4 8,

YRR Ak, A 2 mmol/L HRER S, A4 M55k
L RRAIG ., PR ST 1 53 77 R 0.05% FR 1R AR (%
2 mmol/L H ER#7)-0.05% F BR /KT (% 5 mmol/L i 85)
VERTENA, Cis BREFE RS, BREEVEIE, RIS 3 FINA
B BAAL G Y [T, A3 BIRE L e L AT R A I R 3
Fh ik G 01 TR P L 1~3

®2 BERBRERF

Table 2 Gradient elution program

{EL 4% 490 7 Y -7k o 0 7 HG 207K 7 20%~50%, I If)/min TS A% VB B/%
Mk H - K AE R i 0 2R s AR . BT SN R A 0 70 30
REFAR, 78BS, IMBRAEIMSRIANY, HIR ESIAHR 1.0 2 98
TR 2 ek s S ARRR e iz, ER L B B SRR R, 6.0 2 98
FH R i M) oz 475 3 A2 A 2 R, AL ok o P 7 PR - 2K s A 6.1 70 30
RSN 0.05% M H IR . H BREL RE i 38 (o 1 I 4 B R, e 10.0 70 30
6.003
a 30l b 30 8.0
261 2.6t 700 123.0
o 22f : ~22} ~6.0T
— j=)
ﬁ{ 1.8} 1.8 x50r
. ® oL
%4 1.4t @1.4 %40 149.0
g Lo} Z10 Z30f
0.6} J 0.6t =50k
02k 021 1.01 175.0 303.0
02t N L . L N . L 02 L L L . L L . . 0l L L L . L ®
52 5.4 5.6 58 6.0 6.2 64 6.6 6.8 525456 58 6.0 62 6.4 6.6 6.8 100 125 150 175200 220250270300 325
P83 B[] /min P4 B4 B[] /min J A e (m/z)
Hra. EHEBEF MRM ;b EMWET MRM K c. FEiEE, K2, 3.
1 MATRR MY 3 B35 1% (100 ng/mL)
Fig.l Chromatogram-mass spectrum of abietic acid (100 ng/mL)
a b c
o 5318 o i N 133.0 173.0
50 L 100
< H =iz
s AN =1 | So2s 301.0
= 46485052545658606264  464850525456586.06264 1200 160 200 240 280 320
14 B4 5F ] /min {R B4 B5F 8] /min JEAr b (m/z)
< = = 175.0
=30 23.0 210
X235 X2.5 X 0.8
20 229 2 o6[123.0149.0
= i H 04
219 =P | = 0.2 303.0
= VL . . . RN . L . L =YY L R . . A . . R R = . . \ .
46 48 5052 545658606264 4.6 48 5052545658 606264 120 160 KZOO 240 280 320
14 B4 BsF ] /min £ B4 B5F [8]/min JELfif L (m/z)

T B EFRRREMER; T ERR AR R AR
B2 AR (B AR €83 5T 1% 51 (500 ng/mL)

Fig.2 Chromatogram-mass spectrum of dehydroabietic acid (including internal standards) (500 ng/mL)
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Fig.3 Chromatogram-mass spectrum of piperic acid (100 ng/mL)
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Fig.4 Extraction effects of 3 kinds of solvents in meat products
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FE IR i B 22 e A P AR B 2 60 P for A R 1 Ak & 0 RE s,
IR RS, © DRI EE 7, SEa7E0 S 7 et
A A BRI 7 kA AU B, i B bRl & 9Pk B AR
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VRIBLRE S DR fe i, F R MR B IR kg, Il
AN, X AT RE AN TR RE B ) R PR AR AN — A,

120 ¢ WO-1% R Y m0.2% AR T m 0.3% FFY IR P

e

FATERIR
vl

R

P s PRl AN [ B P R R B8R
Fig.5 Elution effects of different concentrations of
formic acid in meat products
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0.2% H R AR M S5 A7 R BARP VR . 78 DR VA WA AR
F, £ 3.0 mL J& HAREE P IR 5ch 284k, B
3.0 mL MBI AESE 40 HARYIVERL ok, #EH: 3.0 mL
0.2% FF i Y s VAR R e IR Vs TR
2.5 IRYEFILESEHML

LT BIRE G, AR 5 35 B 2R WRORIT i B 28 R 3K 1
e i 7 SOk 58 AR AW 9 DSR2 % BLUR R iE
IR RNINEIR . WA R AMEIRE A BIFE. Wl iE
R R MRAERE M, X 3 LS W EIBCRTE 40%~60%, T HE
LR e tEARTE, I HZELMATER, Hinfk
GV HE BT AERRE FLBOMEVE ok . AR MR ARRE S, e
) RN LR 25 i, TR ER T2 65%~80%, {H 2
WARBLMTI . TR EAGEL, m_F TRAE
HEEEMELNE, SHELERRAWR, §88EHHR
WA, WX 3 ML A B, BRIk S B R A
A 1T mL ZH W, AR EE T, SGwEleE
T K ARG SR

P TE SRR B U8, S YA 8y SR IRk,
SCHG KRB, WAL BT IR, WA R AN A B IR AR R AE
80%ZE AT, WIHRIFERTE 30% A 47, PIRESE i F— ik
FELL U R B T, Je e th e e 4 B i SR 2 B
TR, X 3 Rk AW rh A R A, R AR
TR R F Pt s - SR T EE, siE R
TR S B L SR IR SR, X R S
AT et . 3 HANEFIRFIN SN EIR 7 F 451
BR, H P2 EEiEfEAe )y, e FlAAEifEse ),
P A, BT R A AR g Sl b TR R A
PAFF R JC Je W B, T A MR B4 o0 EL /DS, R e B
AT BRI ST RR K o DR 3 P s O e AL R i,
IR E T PR .
2.6 ZMEE., KHREEER

FHR W it 55 T LA 25 R b 42 SO 28 00 e g B 00 1
VEMMZRIEW, BRI ERR . SRR 5 4.
10, 20, 50, 100, 200, 500 ng/mL, Wi AR 20, 50,
100, 250. 500. 1000, 2500 ng/mL, PI¥F 200 ng/mL KR
EFRIE TAER R . AL RER St T, DL 3 Rk
G YRR (X, ng/mL) AR FR, L& PIRNIRIE

Wi 1 BEAEL (Y) Sy 90 A A 2 i A o i 4R o A o BR (limit of
detection, LOD)F %€ 1 R (limit of quantitation, LOQ)43 %I 7E
FE MR B 0 T AR B AT R, DASEBRAE A FARK
S NFREE AL B T EE M L AN AR 3 A 9 BEATIRA,
SRR 3PN, AEMERETERP, SR EFE 0.999 L)
b, PSR ER R MAFFERAY LOD F LOQ 43 1M 1.0 pg/kg
M1 3.0 pg/kg, TEMFERRE LOD 1 LOQ 435K 2.5 pg/kg
F1 7.5 pg/kg, HIHERA LOD #1 LOQ 43514 0.5 ug/kg 1
1.5 ng/kg, ZERAFA TR
27 ERERKREEE

BERCEAT R M X A . JAIRTORE . RES . Bk
YRR SEIGREAR, e ARES 40N 5. 15, 40 pg/kg 1Y
WEBRMEIHER, 15. 40, 100 pg/kg MRENER, R
PbR R WIAE LOQ TR0, 4 BRI (il . il &
PR BTy AT SR, BN INER KT 6 IRTAT SRR
ZEITER BN RS ® R, SRILE 4. ERNE
JEREN, MR EDLR N 84.9%~99.7%, i EMAFELIK
[l F N 84.7%~101.9%, # L B& 1 ol U R K
88.1%~104.7%, FHXTARAEM2Z7E 10% AN . BB A
B GB 5009.295—2023 (it E R RE 1k
M BRI UEE ] ) AR uEEDR
2.8 EPREEMINE

T TF A BRI vk, SRAETTTE b AR A A n
HEREHIG . FEpd . BRI . BRI SE 100 #LkiEFT
PATGR B BRI A3 B, R &R AU B TP A AR B
0, HA R A ERE 17 #R, KR 17.0%, KH 5
R 5, AT RV A P AR B AE L,
WU BR Z 4N & A ERT R BT AN, HE
AR . PR RS PR R R SRR, X
AR i S R A & SR A K, R T A A
FREE P . RILATDUE 1, EIEME S, A
AL G BAZ AR B, WA AR AT S LR T IZ AR,
T /0N B W Py i e Aok 2R i, 5 8 {45 o 4R 4
RS, METGYAEN S ENE X2 R i T
YA R 7 A R R B, TR Al R AN A 2
RHSEGL, SlRE JA FER, 25 T F I T8 &
el FH 4K .

Fz3 Z&MHIE. HEREH. LODs & LOQs

Table 3 Linear equations, correlation coefficients, LODs and LOQs

&Y LML/ (ng/mL) 53y i P LODs/(ng/kg) LOQs/(pg/kg)
N IR 4~500 Y=158.01X-60.244 0.9998 1.0 3.0

B E AR 20~2500 Y=34.33X+13.726 0.9999 2.5 7.5
AR 4~500 Y=512.87X+3158.38 0.9995 0.5 1.5
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R4 TRMBHERPRER. RSMTEFA BN IR & EE

Table 4 Recovery rates and precisions of abietic acid, dehydroabietic acid and piperic acid in different spiked samples

Ea &Y ?ijg]/”i/ EEE o,  RSDs/% FE (et ?i?i/ Ej;ﬁ o,  RSDs/%

5 95.9 3.3 5 84.9 7.1

AR 15 88.5 4.6 IR 15 90.1 9.4

40 89.4 4.3 40 92.4 6.5

15 91.0 5.7 15 87.3 42

A AT RR 40 84.7 42 KEA I AT R 40 91.5 8.7
100 94.0 5.4 100 90.7 7.0

5 93.4 3.4 5 88.4 7.5

A RER 15 89.1 6.8 AR 15 91.3 42

40 92.8 7.6 40 92.8 8.8

5 925 5.4 5 96.7 438

AT IR 15 97.6 4.4 AR 15 94.3 5.0

40 99.7 3.9 40 91.6 6.8

15 98.3 43 15 973 9.1

WK AR ERR 40 94.6 5.9 kR JI E AT R 40 89.4 3.4
100 101.9 72 100 94.6 6.6

5 92.4 6.7 5 88.1 7.5

HAAAR 15 96.2 4.9 HAHR 15 92.0 59

40 104.7 5.8 40 90.9 6.2

®5 BmPHRER. REMNEIRMANEL S E (ug/ke, n=3)
Table 5 Content of abietic acid, dehydroabietic acid and piperic acid in food (pg/kg, n=3)

i PARF IR % 1k I8 A R ik HAAR % ik
PR A 46.7+2.6 ND 7.9+0.3
Wik B 116.5+5.1 15.70.8 7.440.9

A A 76.8+3.9 9.4+1.1 16.1+1.2
AR A 274.1+4 .8 27.5+1.9 11.5+1.0
BAaRor B 625.5+7.9 38.7+2.4 46.7+4.9
LGk Zve Ne 337.446.6 16.2+1.8 27.7+1.4

KERLA 146.243.0 9.5+1.1 16.2+0.8
KL B 88.3+2.9 ND 9.140.7
TIEE i A 56.343.4 ND ND
BRI A 235.4+4.6 28.1£1.2 17.3£2.3
VR G B 253.8+3.9 30.2+2.7 12.4+0.6
VURIAN C 337.545.3 16.9+0.9 26.8+1.6
REA 24.3+0.7 ND ND
AR i A 57.3£2.7 12.0+1.3 16.7+1.6
AL ik B 37.6%1.1 ND 13.120.5
EE A 12.4+1.4 ND ND
TR 5 A 6.4+0.6 ND ND

TE: ND JAARAGH
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